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ABSTRACT 
Metal foam is the cellular structures that made from metal and have pores in their structures. Metal foam also known as the 
porous metals, which express that the structure has a large volume of porosities with the value of up to 0.98 or 0.99. Porous 
316L stainless steel was fabricated by powder metallurgy route with varied composition between 75 wt% to 100 wt% of 
the SS316L metal powder as a main material, polyethylene glycol (PEG) and Carbamide as a space holder. The powders 
were mixed in a ball milling machine at 60 rpm for 10 minutes and the mixtures were put into the mould for the pressing. 
The samples were uniaxially pressed at 3 tons and heat treated by using box furnace at 870 °C. There are several tests that 
have been conducted in order to characterize the physical properties of 316L stainless steel foam such as density and 
porosity tests and Scanning Electron Microscopy (SEM) for the morphological test. The result shows that the sample with 
75 wt% of SS316L stainless steel foam is highest of porosity which suitable for implants application. 
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INTRODUCTION 
Nowadays, metal foams have been use in 
biomedical application as bone implant because of the 
excellent mechanical properties and good biocompatibility 
of the metals. The austenitic stainless steel especially 316 
and 316L has commonly used for manufacturing medical 
implant. These groups of steel are non-magnetic and have 
better corrosion resistance than others alloys metal 
because the content of molybdenum that enhances the 
resistance while attach in the salt water (Wong et al., 
2007).  
Metal foams can be categorized into two types of 
structure which are open cell and closed cell foam. Open 
cell foam contains a continuous network of metallic struts 
and the enclosed pores in each strut frame are connected, 
the strength is weaker than the closed cell. Then they are 
mainly used in functional applications where the 
continuous nature of the porosity is exploited. While, a 
closed cell foam can be described as the pores is fill with 
gas and separated from each other by metal cell walls, 
have good strength and usually used in structural 
application (Kennedy, 2012).  
Over the years in line with the development of 
technology, there are variety of fabrication process have 
been developed due to produce metal foams. In order to 
produce porous metallic foam, there are some techniques 
which suitable to apply such as slurry foaming, extrusion 
of polymer or metal mixtures, and space holder method 
(Banhart, 2001).  
It has been recorded that the powder metallurgy 
techniques has been successfully used to fabricate metal 
foams.  The process that involved in these techniques 
begins with the mixing process of metal powders with 
suitable space holder material and followed by the 
compaction process to form a green body. As the last 
process is to apply heat treatment to the sample in order to 
remove the space holder and sinter the metal powder. 
Mariotto et al. (2011), also apply in her study to fabricate 
porous stainless steel for biomedical application used 
space holder techniques. The SS316L metal powder was 
mixed by using planetary ball mill with the foaming 
agents which are ammonium carbonate and ammonium 
carbonate. The mixtures were produced with 15% and 
30% ammonium carbonate and ammonium bicarbonate in 
order to producing porous samples with the relative 
density of 0.5 and 0.3.  
The aim of this research is to fabricate and 
characterize the SS316L foam via space holder techniques 
using carbamide as space holder and two-stage heat 
treatment to sinter the SS316L metal. As a result, the 
formation of pore structure and the physical properties of 
the metal foams were investigated. 
 
Experimental Procedures 
 The main material that has been used in this study 
is SS316L metal powder with the particle size of 7.157 µm 
(D50) which provided by Vistech Technology. The 
particles are spherical in shape and are made by water 
atomized technique. Polyethylene glycol (PEG) is used as 
binder and carbamide is used as space holder. Both PEG 
and Carbamide are water soluble materials. The particle 
size of the Carbamide is less than 200 µm. The first 
process is mixing the SS316L powders with PEG and 
carbamide by using ball milling machine at 60rpm for 
about 10minutes. The samples were uniaxially pressed at 3 
tonnes by using hydraulic press machine. Then, the 
compacted samples were heat treated in box furnace in 
two stages. For the first stage represents for decompose of 
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the carbamide particles at temperature of 280 °C for 30 
minutes, and the second stage at 870 °C for 1 hour to 
sinter the SS316L metal. 
 The thermogravimetric analysis (TGA) was 
conducted by using Lensies instruments for 
thermogravimetric (TGA). TGA is used to measure the 
suitable temperature that can use during sintering process 
and to measure the temperature of decomposition for the 
space holder. During TGA analysis, the weight change in 
the material was recorded as a function of temperature 
(time) under controlled atmosphere. The density and 
porosity analysis was performed by using Archimedes 
Principles. In this research, the density and porosity is 
measured for the samples after sintering process. The 
morphology analysis was done by using JEOL Scanning 
Electron Microscopy (SEM). The morphology analysis 
has been done to characterize the pore structure for the 
samples, the densification of the samples and the 
development of neck growth of the samples structure. 
 
Result and Discussion 
This section will represent the result and 
discussion for the analysis of the SS316L foam before and 
after sintering process. The TGA testing was conducted to 
Carbamide in order to determine the temperature that 
Carbamide will fully decompose during sintering process. 
From the result, it shows that the Carbamide is fully 
decomposed at approximately 280 °C. Thus, the 
temperature was applied to the sample during heat 
treatment at first stage before sintering start. During 
sintering process, the first stage was set at 280 °C to 
decompose the space holder and the next stage was set at 
870 °C to sinter the steel. The value of 870 °C is the 
maximum services temperature in air for the stainless steel 
type 316L. The significant of these maximum services 
temperatures can be obtained after the sintering process 
which the samples face the cyclic oxidation. 
The bulk density and the percentage of the 
porosity were obtained by conducting the density and 
porosity testing. From the result from Figure 1, the density 
was increased due to the increasing of composition of 
SS316L powder added up to the samples. It because of the 
densification process is occurring at this stage (Ahmad, 
2010). In contrast, the porosity result show that the foam 
with the highest composition of SS316L powder have low 
of percentage of porosity. It because more SS316L 
particles were replaces the pore in this sample (Ahmad, 
2010). Other than that, during sintering process, the neck 
grows at the particle contact that causes the elimination of 
pores and increase in density (Ahmad, 2010). 
 
 
 
 
 
 
 
   
Figure-1. Result of Density and Porosity Test of SS316L 
foam fabricated by Powder Metallurgy Techniques 
 
 The comparative result of morphology analysis 
for the SS316L foams with different compositions is 
conducted by Scanning Electron Microscopy (SEM). 
Figure-2 shows the morphology for the pure SS316L 
foam. From the morphology, it can be seen that the grain 
growth between particles is formed. It because, during 
sintering process, when the sintering temperature 
increases, the necks will be grows at the particles contact, 
and the pore will be eliminated and the density will be 
increased (Ahmad, 2010).  
 It also can be seen at Figure-3 that the grain 
growth between particle occurs and formed densification. 
The formation of pore is starting happen and composed by 
irregular pores. When the composition of the SS316L 
powder is decreased, the formation of pores is increased. It 
can be seen in Figure-4. Then,  
 Figure-5 shows that the pores distribution is 
inhomogenous. Figure-6 shows the pore distribution is 
inhomogenous which the pores is clustering. The pore size 
is irregular. Figure-7 shows the morphology analysis for 
the 75wt% composition of SS316L powder. The pore 
distribution is inhomogenous and composed by irregular 
pores and isolated pores. It also shows that the grain 
growth is clearly seen and the particles are formed 
densification. 
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Figure-2. SEM morphology of grain growth between 
particles after sintering process for Pure SS316L foams  
 
 
Figure-3. SEM morphology after sintering process of 95 
wt% SS316L composition foams 
  
 
Figure-4. SEM morphology after sintering process of 90 
wt% SS316L composition foams 
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Figure-5. SEM morphology after sintering process of 85 
wt% SS316L composition foams 
 
 
Figure-6. SEM morphology after sintering process of 80 
wt% SS316L composition foams 
 
 
Figure-7. SEM morphology after sintering process of 75 
wt% SS316L composition foams 
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CONCLUSIONS 
 The SS316L metal foams had been successfully 
fabricated via powder metallurgy technique yet there are 
some improvements have to be done due to increase the 
strength of SS316L metal foam in order to proceed to 
mechanical testing. From the result obtained, the metal 
foams with the 75 wt% of SS316L produce more pores 
compared to the other composition with the lower value of 
density and higher value of percentage of porosity make it 
suitable for the implant application. Overall, the result 
show that the metal foams had micro pore which can be 
categorized as closed pore and there are particles that well 
growth and combine with each other and develops sinter 
neck growth. 
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